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[57] ~ ABSTRACT

A regulating device for a polyphase electrical circuit,
having a motor with windings corresponding to the
main supply lines for the circuit. Leads are connected to
each of the windings and contain a relatively low m.f.d.
capacitor for suppressing spikes and similar transients in
the respective supply lines, and a relatively high m.f.d.
capacitor for functioning as a phase converter in the
event the current in the respective supply line is inter-

rupted. By-pass circuits are provided for each of the
low m.f.d. capacitors corresponding to a respective
supply line, containing relay means in the circuit re-

-~ sponsive to the supply line to by-pass the low m.f.d.

capacitor in the event the current is interrupted in the
respective supply line, thereby permitting the high

- m.f.d. capacitor to function as part of a phase converter.
‘In a modification of the present system, in some installa-

tions the device may consist essentially of the pilot
motor with leads connected parallel to the respective

windings and each capacitor therein of a sufficiently

high m.f.d. rating to cause the said device to operate as
a phase converter in the event the current in any one of
the lines 1s Interrupted. |

12 Claims, 4 Drawing Figures
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.1 .
REGULATING DEVICE FOR POLYPHASE
ELECT RICAL CIRCUITS

BACKGROUND OF THE INVENTION

~ Polyphase electrical systems are used extensively in
many types of industries, and three phase systems have
become commonplace. There are many advantages to

the use of polyphase electrical equipment, mcludlng the

~ elimination of pulsation inherently present in single

phase electrical operation. Large machines operating on

- single phase may pulsate objectionably, leading to ex- '

cessive -vibration. Polyphase current provides a con-

stant power level if the phases are properly balanced. -

‘Polyphase operation minimizes eddy currents in field

windings of electrical apparatus and therefore reduces

15

head build-up in the apparatus, and the polyphase ma-

-chines operate more efﬁctently and- economically, in
. that for a given frame size, the output of a polyphase-'

machine is greater than the output of a smgle phase.
machine. | . . o

~ For these and other reasons, rna:ny large manufactur- :
ing machlnes, television and radio transmitters, and

computers are often operated on three ‘phase current,
which is. usually supplied from the electrlcal utility
- serving the establishment. In some situations, the cost of
extending three phase current to the location of the
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operation or performance, but which 3 n other instances
may cause serious problems or result in unsatisfactory

operation of the system. In the electrical supply for the
system, spikes and other transients may occur which
_prevent the equipment or systems from operating at

maximum efficiency or providing Optlmum perfor-
mance | |

SUMMARY OF THE INVENTION

It IS therefore one of the pnnmpal objects of the pres-

ent invention to provide a regulating device for use

with polyphase electrical circuit systems, which will

“maintain the electrical supply of the prescribed number
of phases if one or more phases of the polyphase source
continue, and which stabilizes and/ Or corrects the

power factor and eliminates spikes and other transients

~ from the power supply. Another object of the invention

20
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equipment may not justify the savings obtained in-oper- -

ating the three phase current. Further, if an outage
occurs in one or two of the supply lines of a three phase

'source, serious complications can arise. For example,
-some types of knitting and weaving-machines used in

the fabric industry operate on three phase current. If a
phase is lost, or if fluctuations in the current are present,
the machines may either stop or slow down, resulting in

30

is. to provide a polyphase regulating device or system

~which can continue to provide the required power sup-
i ';ply for systems of the aforesaid types until corrections |
~ and/or repairs can be made, and which has phase con- -

version and/or transient elimination capabilities. |
- The present invention for accomplishing the forego-_
lng ob_]ects and. advantages relates to a device or system

for use with a standard three phase electrical power

supply, and one embodiment includes a pilot motor
driven from the three phase power supply and provided

with a capacitor for each phase functlomng as a phase
~ converter, to supply the requlred current in the event
- the supply 1s interrupted n any one of the phase circuits.

- The pilot motor runs idle when the main electrical sup-

35

desynchronization of operation. When this occurs, the

" machine jams, and though a power outage may be only

for an instant, the time required to clear and restart the
'machine can result in substantial downtime of the ma-
chine. For television and radio - transmitters, ‘a phase

‘outage of several seconds may result in a broadcast -

outage of several minutes, and in the operation of com-

- puters, a phase outage can result in the clearing of an
established short-time memory in the computer. These

- and other types of problems can occur when a phase

outage of seconds occurs, and if the phase outage per-

. sists, motor burnout and other serlous mechanlcal dam-—_

- ‘age can result.

Devices have heen produced Wthh wrll prowde ' |
50

'._""power for a given number of cycles if one or more
- phases are lost; however, these devices are only a tem-
- porary back-up, and have been used primarily for com-

ply system is operating normally, and these capacitors
~or other capacitors in parallel with the three phase
-windings of the motor minimize or eliminate the afore-
‘mentioned transients. When capacitors other than those
used for operating in the phase converter system are

utlllzed they have a relatively low voltage rating, since

‘they can effectively perform the elimination of tran-
- sients without consuming any appreciable amount of
_current; however, they do not have sufficient voltage
‘capacity to perform effectively ‘as phase converters.

45 The present device or system in one form includes hlgh

and low microfarad rated capacrtors in series, and cir-

- cuits having a potentlal relay or the like responsive to
- the loss of current of any one of the three phases in the
main supply lines are used for by-passing the low rated

capacitor and permitting the high rated capacitor to

ﬂ_compensate for the lost phase current. The pilot motor

- operates to provide a balanced and stable phase rela-

‘puters so that a short phase loss of perhaps 50 to 500

- cycles will not cause an-erasure of the temporary mem-

ory of the computer. Other types of back-up and/or

55

-warning systems have been used in which the phases are -
'monitored and a relay or other means is prowded for

each, so that if a phase drops, only a minor interruption

‘occurs. Warning devices are available which by alarm

“or light indicate the loss of a phase so that equipment

- can be shut down before damage thereto occurs; how-

ever, none of the previous devices could provide an

~extended ‘back-up to continue a three phase current
supply unmterrupted if one or two phases experlenced" |
T .65

“In the operatlon of varlcus systems of the foregom g

_‘types, other . transient malfunctions sometimes - occur

- whlch in some mstances have only mmor effect on the"

" outages

‘tionship between the three phases of the electncal Sys-
tem during the phase loss pertod

BRIEF DESCRIPTION OF THE DRAWINGS
FIG lisa schematlc diagram of the complete dewce_

or system embodying the present invention, showing
the parts and elements thereof in the pos:tlon when the -

system is functlomng normally; .
FIG. 2 is a schematic diagram of a modlﬁed form or

‘portion of the system shown:in FIG. 1;

FIG. 3 is a schematic diagram of a further modlfied

form or portion of the system shown in FIG. 1; and

"FIG. 4 is a schematic diagram of a portion of the |

| _'system shown in FIG. 1, illustrating a varlatlcn in the_ -

use and form of the mventlon o



4,410,807

3

DESCRIPTION OF THE PREFERRED
'EMBODIMENT

‘Referring more specifically to the drawings, and to
FIG. 1 in particular, numeral 10 indicates generally the
present regulating device for a three phase electrical
circuit, letter Al indicating one line of the three phase
- supply system, B1 the second line of the system and C1

~the third line of the system. A pilot motor 12 of assem-
bly 13 is shown schematically with three coils 14, 16,
- and 18, delta connected, although they may be wye

connected if desired. The coils are normally field wind-.

ings; however, they may be rotary windings. Since this
1s a schematic view of the system, the details of the
various components comprising the system are being
-shown only in the form of symbols, and hence will not
be described in detail herein. |

The windings 14 and 16 are connected together at the
‘motor terminal A2, which in turn is connected to line
Al at A3, and windings 14 and 18 are connected to the
pilot-motor terminal B2 which i1s connected to power
line B1 by line 22 at B3, and windings 16 and 18 are

connected together at terminal C2 and the terminal is
connected to line C1 by line 24 at C3. Terminals A2 and

B2 are connected by lines 26 and 28 and have a capaci-

“tor 30 of a relatively low microfarad (m.f.d.) value and

~ a capacitor 32 of a relatively high microfarad (m.f.d.)
value. Terminals A2 and C2 are connected by lines 34

4
of the three main supply lines is lost or otherwise inter-
rupted, the respective switch 100, 102 or 104 closes,

- thereby shorting or by-passing the respective low m.f.d.

- capacitor 30, 38 or 46, and hence permitting the respec-

tive high m.f.d. capacitor 32, 40 or 48 to become opera-

~ ble, to provide the current phase corresponding to the .

10

15

20

25

and 36 and have therein relatively low m.f.d. capacitor

38 and high m.f.d. capacitor 40, and terminals B2 and
C2 are connected by lines 42 and 44, having therein
- relatively low m.f.d. capacitor 46 and high m.f.d. capac-

itor 48. With the system thus far described, the three
- phase power supply system, when it is operating nor-

30

mally, operates essentially without the assistance of 35

“pilot motor 12, capacitors 30, 38 and 46 functioning
primarily to minimize or eliminate spikes or other tran-

- sients that may occur in the main power supply lines

A1l, B1, and C1, and capacitors 32, 40 and 48 perform no
function in the circuitry, since in each of the lines in

~which those capacitors appear, the low m.f.d. capaci-

tors 30, 38 and 46 are in series therewith, and hence
‘determine the capacity in lines 26 and 28, 34 and 36 and
42 and 44. With only this part of the system, the pilot
‘motor and low m.f.d. capacltors are incapable of func-
~ tioning as a phase converter in the event any one of the
- phases of lines A1, B1 or C1 is lost.

. In order to enable the mrcultry thus far descnbed to
function as a phase converter, in addition to the control
of transients and correction of the power factor, the low
m.f.d. capacitors 30, 38, and 46 are by-passed or shorted
by three circuits, capacitor 30 being shorted by lines 60

~circuit C4, and capacitor 46 by lines 68 and 70 of circuit
- B4. The three lines are all controlled by potential relays

- AS, C5 and BS, respectively. The three potential relays
are of a type that senses the flow of current through
lines A1, Bl and C1, without creating any resistance in
- the main supply lines. As shown in the drawings, line

A1 is connected to relay AS by leads 80 and 82, line B1

' i connected to relay BS by leads 84 and 86, and line C1
1s connected to relay C5 by leads 88 and 90. Relays AS,
-B5 and C5 sense the flow of current through the respec-

tive lines A1, B1, and C1, and switches 100, 102, and 104

~of relays AS, B5 and CS are normally in open position,
when the three supply lines A1, B1 and C1 are function-
ing normally, supplying the required three phase cur-
- rent to the load. However, when the current in any one

45

50

and 62 of circuit A4, capacitor 38 by lines 64 and 66 of

55
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current phase of the lost line of A1, B1 or C1. While
these capacitors are referred to as high and low m.f.d.
capacitors, they may be, for example, eight microfarads,
for the low m.f.d. capacitors 30, 38 and 46, and twenty
microfarads for the high m.f.d. capacitors 32, 40 and 48,
for a one horse power motor 12. The size or value of the
capacitors will vary in accordance with the horse.
power rating of motor 12 with which the capacitors are
used. For example, a ten horse power motor 12 would
use low m.f.d. capacitors of 80 microfarads and a high
m.f.d. capacitor of 200 microfarads. -

In the operation and use of the present r_egu-]‘atlng'
device for the three phase supply system, with main

lines A1, B1 and C1 functioning normally and providing

three phase current to the load, assembly 13 runs virtu-
ally with no load and performs merely the functions of
minimizing or eliminating spikes and similar transients

in lines A1, B1 and C1, and corrects the power factor to

obtain optimum performance of the motor or other load

operated by the three main lines. This is accomplished
primarily by the three low m.f.d. capacitors, 30, 38 and
46. In the event the current is lost in one of the three
main supply lines, for example in line C1, the potential
relay CS is de-energized, permitting switch 104 to close, -

thereby closing the circuit of lines 64 and 66 and by-

passing or shcrting the low m.f. d capacitor 38. This

.........

-and, along w1th ‘the winding 16 provides the third

phase current for line C1, thus re-’-es'tablishing the three
phase power supply to the load. This same type of oper-

ation will occur in the event the current is interrupted in

any one of the three lines, in that loss of power in any
one of the lines causes the respective relay to be de-
energized, and the switch thereof to close and short the
low m.f.d. capacitor and render the heavy m.f.d. capaci-
tor effective to perform the phase converter function.
The continued operation of motor 12 by the current

from the other two supply lines produces a balanced '

relationship in the lines and stabilizes the phase pro-

duced by the actwated hlgh m. f d. capacltor of the lost . i

line. -
In the pilot motor assemblles shown n the embodl-

ment of FIGS. 2 and 3, the motors identified by numer-
als 12’ and 12" are in wye connection with windings 14’
and 16’ and 18’ or 14", 16" and 18", and FIG. 4 1s the
delta connection similar to that shown in FIG. 1, with
windings 14, 16 and 18. The operation and function of
the various parts in the embodiments of these three

figures are essentially the same, irrespective of the
- winding connections. In these embodiments, the capaci-

tors may be either the low m.f.d. capacitors 30, 38 and -
46, and hence function to minimize or eliminate spikes
and other transients in the main supply lines, or they
may be the high m.f.d. capamtors 32, 40:and 48, and
hence function, not only to minimize or eliminate spikes
and other transients in the main supply lines, but also
function as phase converters in the event the current is
interrupted in any one of the three main supply lines.
The systems of FIGS. 2, 3 and 4 as described herein in
either the wye or delta connected arrangement, may be
used apart from the circuits A4, B4 and C4, which
provide the short or by-pass around one of the low



. S |
‘m.f. d capac:tcrs In the dlagrams of these ﬁgures, only
‘one capacitor is shown in each of the three lines con-
;nectmg terminals A2, B2, and C2, and the grounds of

 the wye connected windings are identified by numeral

120 in FIGS. 2 and 3. The primary advantage of the 5
by-pass. c:rcultry, which is not present in the simplified

- modifications of FIGS. 2, 3 and 4, is to permit the use of

low and high m.f.d. capac1tcrs in the system to minimize
or eliminate spikes and other transients by economical
means, and at the same time provide an emergency
system in the event the power 1s lost in any of the three
main supply lines. , |
While three embcdrments of the present polyphase
electrical system have been. described herein, various
.changes and modifications may be made w1thcut de-
partmg frcm the sc0pe cf the present 1nventtcn
I claim: " - T
1. A regulatmg dewce fcr three phase electrical clr-_
cuits having three main supply lines of different phases,
sald device havrng phase conversion and transient sup- 20
~ pression -capabilities, comprising a motor having three

10

15

- windings of different phases corresponding to the pha-

ses of the main supply lines, leads for connecting said
windings to said main supply lines, lead means arranged
“in parallel with the windings of said motor, terminals 25
for connecting said lead means with respective wind-
ings, a relatively low m.f.d. capacitor and a relatively
high m.f.d. capacitor in each of said lead means, a by-
pass circuit for each of said supply lines connected to
separate said lead means on opposite sides of the respec- 30
- tive low m.f.d. capacitor with .one connection therof
‘being between said. capacltcrs, and relay means dis-
. posed. in each by-pass circuit and being responsive to
the current in the respective supply line for closing the
respective circuit to by-pass the low m.f.d. capacitor in
~ the respective lead means and to render said high m.f.d.
| _capacrter cperable when the current 1n the reSpectwe: -
- main supply line is mterrupted | o
2.A regulatlng device for. pclyphase electrtcal cir-
cults as defined in claim 1, in which said relay means
| -dlSpcsed in each of said by-pass circuits is of the poten-
tial relay type in which the switch thereof is retained in -
open pcsrtlon by the current in the respectwe supply
line.” - - | .
- 3. A regulatmg dewce for polyphase electrlcal c1r- 45
cuits as defined in claim 1, in which said windings of
sald motor are connected in a delta arrangement. .
4. A regulatlng device for polyphase electrical cir-
cuits as defined in claim 1, in which said w1nd1ngs of
‘said motor are’ connected in a wye arrangement - 50
5. A regulating device for polyphase electrical cir-
| cuits having a plurality of main supply lines of different

35
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phases, said device comprising a motor having a plural-
ity of wrndlngs of phases correspondng to the phases of

- said main supply lines, leads connecting said wmdmgs

to said main supply lines, lead means arranged in paral-
lel with the windings. of said motor and connected at
terminals therewith, a relatively low m.f.d. capacitor
and a relatively high m.f.d. capacitor in each of the lead
means, by-pass circuits connected to each of said lead
means on opposite sides of the respective low m.f.d.
capacitor with one connection thereof being between

- said capacitors, and relay means disposed in each of said

by-pass circuits and being responsive to the current in

- the separate supply lines for closing the respective cir-
cuit to by-pass the respective low m.f.d. capacltcr when

the current in the respectwe main supply line is inter-
rupted | |

6. A regulatlng dev1ce for pclyphase e]ectrlcal Cir-
cuits as defined in claim 5, in which said relay means
disposed in each of said by-pass.circuits is of the poten-
tial relay type in which the switch thereof is retained in

open position by the current 1n the respective supply
line.

T A regulaung device for pclyphase electrlcal cir-
cuits as defined in claim 5, in which said windings of
said motor are connected in a delta arrangement. .

8. A regulating device for polyphase electrical cir-

cuits as defined 1n claim §, in which said windings of
said motor are connected in a wye arrangement.

9. A regulating device for polyphse electrical circuits
havmg a plurality of main lines of different phases for

‘supplying current to a load, said device comprising a

pilot motor having a plurality of windings of phases
corresponding to the phases of said main supply lines,
end terminals for said windings, leads for connecting
said windings-to the main supply lines, lead means ar-
ranged 1n parallel with each of the windings and con-
nected therewith at their terminals, and a capacitor In

- each of said lead means for suppressing transrents in the
respective main supply lines. |
40
_cuits as defined in claim 9, in which said capacitors are
~of a m.f.d. rating sufficient to cause any one of said

- capacitors to function as a phase converter in the event

10. A regulatlng device for pclyphase electrlcal c1r-'

the current is mterrupted in the reSpectlve maln supply
line. | - | -
- 11. A regulatlng device for polyphase electrical cir-

 cuits as defined in claim 9, in which said windings of
| said-mctcr‘ are connected in a delta arrangement.

12. A regulating device for polyphase electrical cir-
cuits as defined in claim 9, in which said wrndlngs of

- said mctor are connected in a wye arrangement.

ok kK k. *
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